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COMPLETE SPECIFICATION 
Improvement in Preparation of Halogenated defines 



We, Union Carbide and Cakbon Cor- 
poration, of 30, East 42nd Street, New York, 
State of New York, United States of America, 
a Corporation organised under the laws of 

6 the State of New York, United States of 
America (Assignees of Jahed Wilson Clark. 
a Citizen of the United States of America, 
residing at 649, Smith Road, Charleston, State 
of West Virginia, United States of America), 

10 do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

15 This invention relates to an improved 
process for making chlorotrifluaroethylene 
from i:i:2-tricUoro-i:2:2-^trinuorethane. 

It is known that polychlorofluoroalkanes 
can be dechlorinated with zinc to yield 

20 chlorofluoroalkenes. (Locke et d, J.A.CS. 
(1934)3 VoL 56, page 1726). Such reaction 
may be used to dehalogenate compounds 
having one or more chlorine or bromine 
atoms on adjacent carbon atoms. The 

25 chlorine or bromine atoms are removed in 
pairs, with one atom of zinc being required 
to effect the removal of each pair. Thus, the 
decMorination of trichlorotrifluoroethane by 
this known process results in the production 

30 of zinc chloride as a by-product in an amount 
greater than that of the desired cMorotriffaoro- 
emyiene. This zinc chloride is produced in 
the form of an aqueous solution and operating 
on a large scale, the disposal of this large 

95 amount of by-product would constitute a 
difficult and serious problem since the re- 
generation of the zinc or the recovery of the 
chloride is not commercially practicable. An 
additional disadvantage is that such reaction 

40 must be carried out under pressure, in the 
liquid phase. 

It is also known that halogens ^ can be 
removed from halogenated organic com- 
pounds in the presence of hydrogen and this 

46 reaction has been applied as a quantitative 
procedure for the determination of the 
amount of halogen present. Sabatier and 
Maihle (Comptes Rendu (1904), VoL 138, 
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page 407) have described the reaction of 
hexachloroethane and hydrogen over a nickel 
catalyst with the formation of perchloro- 
ethylene and hydrogen chloride. As far as is 
known, however, it was not considered that 
one halogen could be removed preferentially 
in the presence of another halogen. 

The present invention is based on the dis- 
covery that chlorine can be removed preferen- 
tially from i:2:2-trichloJX>-i:2:2-trifiaoro- 
ethane in the presence of hydrogen to form 
cMorotriffruroemylene in good yields and 60 
efficiencies. Hydrogen chloride is formed as 
a by-product The reaction is illustrated by 
the following equation: 



aXFCOF^ + H, -> CaF=CF 5 + 2Ha 
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The reaction can be carried out by passing 
a mixture of i;i^-tricMoro-i^^-triftnoro- 
ethane and hydrogen through a reactor or 
converter maintained at an elevated tempera- 
ture. The reactor can be a length of tube 
made of nickel or stainless steel, for instance, 
which can be unfilled, or charged with a 
catalyst as hereinafter described. It can be 
externally heated by known expedients, as by 
immersion in a heated salt bath, for instance, 
or by an electrical resistance. The vapours 75 
issuing from the reactor can be collected by 
cooling and condensation, after having first 
been washed to remove the hydrogen chloride, 
and dried. 

For high efficiencies, the reaction is best 80 
ca rri ed out over nickel, cobalt, copper, 
platinum, palladium or activated carbon as a 
catalyst. Of these, nickel is preferred. The 
catalyst can be in the form of finely divided 
metal, as for instance nickel, and pressed into 85 
pellets, or me catalyst in finely divided form 
can be deposited on a support. Alternatively, 
the catalyst can be used in the form of its 
salts on a support, as for instance nickel 
chloride on graphite or activated carbon. 
Similarly, the cobalt, copper, platinum and 
palladium can be employed in the form of 
the metal or their salts. 

In non-catalytic operations, the reaction 
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can be carried oat at a temperature between 
450 0 C and 650° C A temperature within 
the range of 450 0 C. to 575 0 C is preferred. 
At temperatures below 450 0 Q in the absence 
5 of a catalyst* the yield tends to fall off to 
about 5 to 10 per cent At temperatures 
above 575 0 C. a a shorter reaction time is 
required than at lower temperatures in order 
to minimize losses doe to polymer formation 
10 and decomposition to trirraoroethyiene and 
free carbon. The formation of polymer and 
free carbon results in a deposit on the walls 
of the reactor which, if allowed to accumu- 
late, would eventually offer excessive resist- 
15 ance to the flow of gas through the reactor 
and to the transfer of heat through the tube 
walL The deposit is hard and adheres firmly 
to the tube walls but it can readily be re- 
moved by b l,rT, *og out with an* and witfr 
20 oxygen. 

The ratio of hydrogen to 1 ; 1 : 2-trichloro- 
1:2: 2-mfluoroethane is not critical. At a 
ratio of 0.75 mol of hydrogen per mol of 
1:1: 2-tricMoro-i : 2 : 2-trifhiQroerhane it is 
25 possible to react practically all of the hydro- 
gen which facilitates recovery of the chlaro- 
uifluoroethylene and Trnreactfri trichloro- 
j rEfliip fj> frfhf*n^- Increasing' tt k? proportion of 
hydrogen increases the yield of chlorotrifluoro- 
30 ethylene but the losses due to the formation 
of carbon and trifluoroethyiene also increase. 
A ratio of from 075 to 3 mols of hydrogen 
per mol of 1:1: 2-trichloro-i : 2 : 2-trifluoro- 
ethane is p re f erred. 
35 Losses due to the formation of carbon and 
trifluaroemyiene can also be mmrmWpA by 
employing lower temperatures to effect lower 
single pass yields. La general, optimum 
efficiencies are obtained when the single pass 
40 yields axe in the range of 20 to 40 per cent, 
based on the 1 : 1 : 2-trichloro-i : 2 : 2-trifluoro- 
ethane. 

Reaction temperatures used with catalysts 
are lower than those used in non-catalytic 

45 operations. The actual mechanism of the de- 
chlorination reaction is not known. It may 
be that the catalyst metal reacts to form the 
metal chloride which then reacts with the 
hydrogen , to give hydrogen chloride, with the 

*>0 free metal being regenerated and the cycle 
repeated. In the presence of a catalyst 
reaction temperatures of 400 0 C to 475 0 C 
are preferred However, temperatures be- 
tween 375 0 C and 525 0 ' C. can also be used. 

55 Appreciable removal of chlorine may be 
effected at temperatures as low as 200 0 C. 
with an active catalyst but at this low tem- 
perature the reduction of metal halides is 
very slow and the metal catalyst tends to be 

60 converted to the less active metal chloride 
and fluoride. At temperatures above 475 0 Q 
the catalytic reaction tends to become less 
efficient The temperature of 475 0 C approxi- 
mates the practicable upper limit for efficient 

65 operation. Usable temperatures range up to 



525' C, but for these higher temperature 
ranges a somewhat shorter contact time is 
recommended. 

The invention is more particularly de- 
scribed in the following examples: 70 
Example i. 
A mixture of 739 parts by weight (3.95 
mols) of 1:1:2- trichloro -1:2:2- trifluoro- 
ethane with hydrogen in a mol ratio of 
approximately 1 to 3 was passed through an 75 
electrically heated tube maintained at a tem- 
perature of 410 0 Q to 478 0 C The tube 
which was made of stainless steel was three 
feet long and had an inside diameter of one 
inch. It was charged with 461 grams of nickel SO 
catalyst in pellet form. The space velocity 
was approximately 300 litres per litre of 
catalyst per hour. 

The reaction gases from the tube were 
passed first through a water scrubber where 85 
hydrogen chloride and hydrogen fluoride 
were removed, and then dried in a calcium 
chloride drying tower. The product was con- 
densed from the dried gas by means of a 
series of cold traps cooled by a solution of 9° 
solid carbon dioxide and acetone and a final 
trap cooled by liquid nitrogen. The excess 
hydrogen exciting from the nitrogen-cooled 
trap was vented through a gas meter. 

Distillation of the condensate collected in 95 
the cold trap yielded 209 parts of a chloro- 
trifluoroethyiene fraction boiling at — 30 0 C 
to -26 0 C. and having an apparent mole- 
cular weight of 118.5 based on vapour 
density determinations; as compared with the 100 
boiling point of - 27.9 0 C given in literature 
(Stufl, Ihd. Eng. Chem., Vol 39, page 518; 
1947) and a calculated molecular "weight of 
1 16.5. There was obtained also 16 parts of 
a trifluoroethyiene fraction boiling at -55 0 103 
G to — 50° C. and having an apparent mole- 
cular weight of 884 based oh vapour density 
determinations; as compared with the boiling 
point of -51 0 C given in literature (Swarts, 
Chem. Zentr. TJ, page 281; 1899), and a calcu- 110 
lated molecular weight of 82.0. A third frac- 
tion amounting to 45 parts of material bofling 
above 40 0 C was largely unreacted 1:1:2- 
trichloro -1:2:2- trifluoroethane. The total 
production of chlocotrifluoroethylene was 240 

115 

parts corresponding to a yield of 52.1 per 
•cent. The efficiency was 55.8 per cent. The 
yield of trifluoroethyiene was 5.1 per cent 
with an efficiency of 54 per cent. 

Example 2. 120 
A mixture of ia^-trichloro-iua-trifluoro- 
ethane and hydrogen in a mol ratio of about 
1 to 1.3 was passed through a reactor main- 
tained at a temperature of about 425 0 Q to 
480 0 C The reactor was a stainless steel tube 12o 
as in Example i, charged with roo mini- 
litres of a catalyst made by evaporating to 
dryness an aqueous solution of 364 grams of 
nickel chloride (NiCLoTLO) on 300 mini- 
litres (135 grams) of activated carbon pellets 130 
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which are small enough to pass through a m« T ~ 

mesh havi^opeoingslfs/^TanbTbu ^car^^^. ^omillilttres of 

large enough to be retained on a mesh with p«Krf S&F? mamtamed at a tem- 

openings of 4 of an inch. The space velodtv ra^adLli 5 ^ C 10 550 c and the feed 

5 was 1540 litres per Utre of catal^pih^ 2 Sfot aSTV 7d ° dty rf abont 
The reaction gases were washed, fed and tw iff ^•° f / ea ^ ,r *«* ^ 70 

the reaction product condensed^dlScS Jllu ° btamed *** <* chlaro- 

as in Example .1. Upon distnSn ifS ?£?£?3 ZttF^M *"* 01 

condensate there was obtained i<st ~t t IT . 311 <™aency of 66 per cent, 

10 a cWororri&^o^enfScm 5 ^^ ScZ * e ^^trM^UetaanT S 
tween -30' to G and^o^ofk ^ ma r 37 ° grams of chloro- 75 

mflooroethylene fraction b^ilmgtdoT^o* p^W^ pa ^ * 
C The estimated efficiency to chlorotrifluoro- * FlAUMT , 

ethylene based on the trichlorotrifluoroethane 1 • 1 • 2 - triehlS?^ ' ^ 

15 was 75 per cent ,-Jj: ^1\ 1:2; 2- tnflnoroethane 

Example 3. w&i^ 7 W<aght) WM fed to B^« with 80 

A mixture of 2177 parts by weight of 1 • vffi^L V to ratio over acti- 

1:2 - trichloro- 1:2:2 -^uoroSe wfch £ w£ ^, miU 5S s) < ? nlamed m » 

nn hydrogen in a mol ratio of abouTi «u S?* 1 ******* ^ne having an 

M was passed during a fiThot^od 1 ^ 

a reactor maintained at a temperature of acx? r***n~Z re ^ m F ed ». d ™ m S which the tern- 86 

C * 500- C. The reac^w^s^ £Tq mamtamed at about 500 » C to 

sted tube, as in Example 1. chareed with Th#»P m „ „v-- j „ 

200 miUflores of a caSyst made by^apo^ fl uoS,w ^ 84 ^Mri- 

26 mg to dryness an aqueous sdutibn tf^o ftSSfi ». unreacted trichlorotri- 

grams of 'cobalt cBe SS^S^ ?? ^j**"^ amounted to 80 

300 millilares of activated cwfem ndlm thfJ^ Jidd was 7 per cent and 

The ^ vdocity gj* ^^^J™*™ tr^otrinuoro- 

catalyst per hour. wasTrT^ ^ ^ ^Prodnctran ratio 

30 The reaction gases were washed, dried and ^ of P" 

the reaction product condensed and collected it-, ^hZ^ 7- 05 

as in Example 1. Upon distillmg SrS (2610 'Zz^Zll^V^ 0 * 11 **' 

densate there was obtained ^40 parts rnd raK^J" 3 ^ *** ^rogen in a 

AmixtuTeof^Kjrtsbfwdghtafi-i-s. fiTWi^Jrt. n 4 inches in length, was 

40 m a mol ratio of 1 to 2.5 was passed Lough ml^Sch waTeS TJ 6 r f^ der °" ^ 
a reactor maintained at a temperature of mennoauol^l^?^ a "ickell06 

about 400- Cm 425- C durm^eriod 5 SSKrfS- T tTT^ ? 3 

rf ' ^^t^™* S&^'JE,?** litres peffie 
A solution of 135 grams of cuprous chloride Tho^wt ^h^,^ - < , "<» 

>n 320 grams of hydrochtork acid was triftWthvLf^ 346 **** <Mara - 

evaporated to dryness on 300 muimttes fm Sen^fe 6 ^ 53 <* trifluoro- 

60 ^ rf carbon 3 pellets wS are eS?mat^ S tr ^? trfflaor °- 

small enough m pass through a mesh havine nam Th«^ recovered amounted to 1751 

ope^gsaf 3 /i6ofan3butSSe?3 SLj^cUoSLS3^. to *» 115 

to be retamed on a mesh with openings ™ centl^ t^!*rt lffle of 65 per 

3/32 of an inch. rT ^ dB f ea ^ ^ tnfliioroethylene^f 

55 ^.P^ ^ obtai «d 149 parts of chloro- etbanT ' °° triddorotrfflnoro- 

SfaTSfc^ IT" ° f 35 - 0 ^ «•« ^atwe claimis- 

™ efficiency of 604 per cent based on 1. A Drr^T^r^ „ « t , 120 

the tnchlorotrifluoroethane. The production ethylene wh^™^? ^>rotrifluoro- 

ratio was 249 grams of chlorotrifluoroethvlene of 1 -7 , ^£1 ^P" 8 ^ heating a mixture 

per litre of catalyst per hour. ^ JL££l ^^ I: * :a * ata ««^ and 

60 Example j. %Zuf? deva ^ Faction temperature 

A mixture of r 494 part/ by weight of 1: bdot^^e^^ " f=3 ^ ^ 125 

^ tnC ^ r ° ^ : 2 =. 2 - *"Se with chJ^trin?oro1Sr °f 

hydrogen in a mol ratio of 1 to o 7 was oassed , a ^f^ . 

65 P^or wiiet ^ , ^ A ^ ^ *» which 

60 one inch, inside diameter, filled with carbon trmucSS J m 
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absence of a catalyst at a temperature between at a temperature of at least 375 C and not 

450* C and 650' G higher than 525° C. ,, ,. a „ nrn _ 

3. A process as claimed in Claim 1 or 2, in 5. A process for making cMoro^noro- 
which me mixture of 1:1 :>trichloro-i:2:2- ethykne substantially as hereinbefore 15 

f) triflaoroethane and hydrogen contains from described in any one of the preceding 

07< to * mob of hydrogen per mol of 1:1:2- examples. , , . 

S^i^a-triak 6. (^orotrmuoro^ylene pr^a^by the 

4. A process as claimed in Oaim 1, in which orocess as claimed in any one of Claims i 
the mixture of i:i:2-tricnteo-i:2:2-4ri- to 5. 

10 fluoroethane and hydrogen is heated in the ^^.^ Q _ 

presence of a catal^Sisisting of one of the W^. THOMPSON & CO, 

Mowing: nickel, cobalt, copper, platinum, 12, Church Street, Liverpool, 1. 

palladium, or a salt thereof activated carbon Chartered Patent Agents. 

Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press.— 1S53 
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which 

copies may be obtained. 



